Noroviruses and rotaviruses from a gastroenteritis outbreak affecting >300 people near Garda Lake (Northern Italy) in 2009 were investigated. Characterization of viruses from 40 patient stool samples and 5 environmental samples identified three distinct rotavirus and five norovirus genotypes; two of the latter were detected in both patient and environmental samples.
Noroviruses and rotaviruses from a gastroenteritis outbreak affecting >300 people near Garda Lake (Northern Italy) in 2009 were investigated. Characterization of viruses from 40 patient stool samples and 5 environmental samples identified three distinct rotavirus and five norovirus genotypes; two of the latter were detected in both patient and environmental samples.
Norovirus is a major cause of sporadic and epidemic gastroenteritis worldwide, affecting children and adults (24) . Five norovirus genogroups are known, among which GI, GII, and GIV affect humans and GIII and GV infect bovines and mice, respectively. Genogroups I and II encompass at least 29 genotypes (3, 21, 34) . Group A rotavirus remains the main cause of severe diarrhea in children and an occasional cause in adults (8) . Based on genetic characterization of outer-capsid protein VP7 (11) and VP4 (10) , at least 23 G genotypes and 32 P serotypes are recognized (1, 6, 9, 20, 30) , several of which infect both humans and animals (8) . In June 2009, a gastroenteritis outbreak started in a Garda Lake hotel (Northern Italy) (26) , and several hundred cases were reported to local public health authorities in the following 4 weeks. Waterborne transmission was suspected, involving the lake water consumed by municipal communities following physicochemical treatment (26) . Microbiological analysis of 36 stool samples from 299 cases investigated confirmed the presence of bacterial and viral agents, also detected in environmental samples (26) .
The present study provides detailed molecular characterization of viruses involved in the gastroenteritis outbreak to clarify the possible source of infection.
Thirty-six stool samples were obtained from patients enrolled as cases in the epidemiological study (26) . Four samples collected 3 weeks later were also examined.
RNA was extracted from 160 l of stool suspensions (10%) by using a QIAamp viral RNA minikit (Qiagen, Hilden, Germany). Three microliters of total RNA were screened for human norovirus and rotavirus by reverse transcription (RT)-PCR (SuperScript III one-step RT-PCR system with Platinum Taq; Invitrogen, Carlsbad, CA), followed by seminested PCR for rotavirus. For norovirus, primers G1SKF/G1SKR or G2SKF/G2SKR (0.5 M) were used, amplifying a 338-bp open reading frame 2 (ORF2) (capsid) fragment of genogroup I or II, respectively (15) . A confirmatory RT-PCR targeting ORF1 (RNA-dependent RNA polymerase [RdRp] , 327 bp) was also performed using primers JV12/JV13 (0.5 M) (31) . Reactions were performed following the manufacturer's instructions, with annealing temperatures of 52°C and 40°C for ORF2 and ORF1, respectively.
For rotavirus G and P typing, RT-PCR protocols described previously (10, 11) were used. Amplification of the VP7 (881 bp) and VP4 (663 bp) regions was performed with 0.5 M VP7F/VP7R and VP4F/VP4R primers (13, 14) with an annealing temperature of 52°C. The RT-PCR products (1:100) were used as templates for seminested multiplex PCR using mixtures of primers (50 nM, with annealing temperatures of 42°C for G typing and 45°C for P typing) specific for typical and emerging human G and P genotypes (11, 14, 25) . Detection of bovine rotavirus and GIII noroviruses in environmental samples was performed by RT-PCR as described previously (7, 23, 29) . Amplicons were detected on GelRed (Biotium, Inc., Hayward, CA)-stained 1.5% agarose gel. Sequence analysis of amplified norovirus diagnostic DNA was performed by Macrogen, Inc., Seoul, South Korea. Sequences were compared with the NCBI and FBVE (http://www.rivm.nl/mpf/norovirus /typingtool) databases. A phylogenetic tree was constructed using BioNumerics (version 6.1; Applied Maths, Kortrijk, Belgium). Environmental samples were examined as follows: sample A, water (500 ml) and sediment at the lake water intake point; sample B, water (500 ml) from a private swimming pool; sample C, filter sediment; and sample D, untreated lake water from upstream of the treatment plant. Water was prefiltered through glass wool (18) , filtered through nitrocellulose membranes, eluted, and subjected to organic flocculation (33) .
Thirty-four cases (85%), including 24 previously diagnosed cases (26) , were positive for norovirus by one or more RT-PCR methods. Nineteen samples (47.5%) were positive for rotavirus, of which 17 also contained norovirus. Thirteen samples were positive for GI norovirus, 11 for GII, and 10 for both GI and GII. Sequence analysis was performed for 22 norovirus samples (14 GI and 8 GII) from 18 subjects (Table 1) , revealing five different strains (Fig. 1) . Most noroviruses (14/22) belonged to genotype GI.4 (GenBank sequence accession number JF262163, 100% nucleotide identity). Four different GII genotypes were also identified: three strains were GII.2 (GenBank sequence accession numbers JF292511 to JF292513, 100% nucleotide identity between each other), one was GII.8 (GenBank sequence accession number JF292510), one was GII.6 (GenBank sequence accession number JN008938), and three were GII.42006b (GenBank sequence accession numbers JF292506 to JF292508), which is a variant of the prototype Lordsdale strain (2, 28) .
Three different G types were detected among 19 rotaviruspositive samples, namely, G2 (11 cases), G3 (7 cases), and G1 FIG. 1. Phylogenetic tree based on 300-nucleotide capsid fragment (ORF2) of Italian strains of human (F) and environmental (f) origin and other norovirus strains. Tree constructed by using Bionumerics version 6.5 using UPGMA (unweighted-pair group method using average linkages) bootstrap values of Ͼ90% is shown. Genotypes and GenBank accession numbers are indicated. NoV, norovirus; HuNoV, human norovirus; NLV, Norwalk-like virus.
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(1 cases), showing P [4] , P [6] , or P [8] genotypes, respectively. These results were confirmed by sequence analysis (GenBank sequence accession numbers JN001846 to JN001850) and suggested that at least three different rotavirus strains, of genotypes G1P [8] , G2P [4] , and G3P [6] , were involved. Although the first two are common strains affecting humans, strain G3P [6] bears a possibly animal-origin genotype, P [6] (Table 1) . Two environmental samples were positive for both GI and GII norovirus and for rotavirus (Table 1) . ORF2 sequence analysis of the lake water (sample D) showed a GI.4 norovirus (GenBank sequence accession number JF262164), and both G1 and P [4] rotavirus. The latter were also identified in sediment (sample A), together with norovirus GI.4 (ORF1, GenBank sequence accession number JF297568) and GII.4v2006b (ORF2, GenBank sequence accession number JF292509). Environmental samples were investigated for bovine rotavirus and norovirus strains but none were found, weakening the hypothesis of possible farm waste release into the lake.
The numerous norovirus (five) and rotavirus (three) genotypes involved and identical genomic sequences between patients suggest a common infection source, like human stools or sewage-contaminated water. Its identification in most cases suggests norovirus as the main cause of the outbreak. Despite the higher number of GII norovirus types identified, the single GI norovirus infected the greatest proportion of subjects. Only 3 of 18 sequence-confirmed subjects harbored the globally predominant strain GII.4v2006b (2, 28) , associated with most European outbreaks (17) . However, GI noroviruses are frequently reported in surface waters (19, 22) , and the GI.4 identified in Italy might represent an emerging strain. The occurrence of G2P [4] rotavirus in most patients as opposed to only one case infected with the predominant G1P [8] is equally surprising.
The detection of human norovirus and rotavirus in lake water and sediment at the intake point near the water treatment plant is suggestive of human fecal contamination. The occurrence of the same norovirus (GI.4) in both stool samples and environmental samples, together with the large number (17) of norovirus/rotavirus mixed infections, suggests that lake water may indeed have transmitted the infections. In particular, the GI.4 norovirus detected showed 100% nucleotide identity in all samples (Fig. 1) . The presence of the uncommon G1P [4] human strain in lake samples cannot be conclusively proved, as G1 and P [4] genes may have been amplified from distinct viruses, such as G1P [8] and G2P [4] , identified in patients.
In principle, a water origin of the outbreak remains tentative, since the environmental contamination revealed might have followed the outbreak. No virus was detected in water from a home swimming pool, indicating that the viral concentration was below detection limits, at least during sampling. However, the association of norovirus with waterborne outbreaks (4, 5, 12, 17, 32) is undisputed, and acceptable hyperchlorination limits may be insufficient in cases of abnormal viral contamination (16, 27 ).
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